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Introduction
Because of effective local control, total mesorectal excision (TME) is nowadays the mainstay of curative treatment in rectal cancer. However, sphincter-saving TME may result in the increased risk of the anastomotic leakage (AL) due to the short rectal remnant and local oxygen tissue deficiency in anastomosis associated with the reduced distal blood supply. Moreover, this technique produces the large splinted cavity within the pelvis, conducive to the exudate retention and the formation of haematoma, which may become infected. Reported rates of AL following TME are up to even 23%, being influenced by several patient-, tumourand treatment related factors. 1, 2 As a result of even minor leakage, local contamination at the perirectal area may be the cause of extra-abdominal infection. The presence of AL is closely associated with the increased risk of pelvic abscess, peritonitis and septicemia, which commonly require additional intervention, prolong hospital stay, limit the costeffectiveness of treatment and may result in postoperative death. It impairs late functional results and probably oncological outcomes. 2 On the other hand, the recent emergence of technologies such as resorbable implants offers new possibilities to protect the anastomosis and reduce the consequences of leakage. Hence we reported the wrapping of anastomosis with the gentamicincollagen sponge (GCS) as a potential preventive manoeuvre against the AL -probably limiting the leakage intensity and reducing its clinical symptoms. 3, 4 It encouraged us to continue the study with more patients and longer follow-up in order to obtain more reliable and objective results as well as for more robust statistics.
The aim of this study was to evaluate the possible impact of GCS on the risk of clinically symptomatic AL and investigate association between AL and local relapse.
Patients and methods

Patients
A series of 158 patients with T1-T3 and N-/N+ ultra-low rectal cancer (below 8 cm from the anal verge) without distant metastases (M0) who underwent anterior resection with curative intent at the Lower Silesian Oncology Centre -Regional Comprehensive Cancer Centre in the years 2006 -2012 was studied. None of them was in poor general condition, had anaemia or was treated with steroids. Patients underwent pre-operative bowel preparation with 4 L polyethylene glycol solution 1 day before surgery. All patients received prophylactic systemic antibiotic therapy in a perioperative intravenous injection within 30 minutes of the skin incision (cefotaxime 1000 mg i.v. followed by a supplementary dose 12 h later; metronidazole 500 mg i.v. followed by two more supplementary doses every 8 h) and anticoagulant therapy with low molecular weight heparin. All the patients underwent traditional open surgery through a midline laparotomy incision. All analysed patients fulfilled the following study inclusion criteria: the lack of intraoperative bowel perforation, total integrity of doughnuts after retrieval of the stapler and complete integrity of the anastomosis examined by transanal air insufflation with the anastomosis immersed in warm normal saline solution.
Patients data, tumour-related factors and treatment characteristics are shown in Table 1 .
Treatment
Sixty-five (41%) patients with T3 and / or N+ tumours in MRI or endorectal ultrasound received preoperative five-day scheduled high-dose radiation with a total dose of 25 Gy in a daily fractions of 5 Gy. Since in our institution the use of preoperative chemotherapy was limited to T4 tumours (combined with long-term radiation), it was not administered in the analysed group. The upper limit of all the pelvic fields was at the L5-S1 level and the lower one was 5 cm below the tumour. Radiotherapy was followed by surgery within 7 days. All patients were operated on strictly according to the TME with complete peri-rectal tissue removal by sharp dissection of pelvic fascia under the direct vision between parietal and visceral surface to the levators. Inferior mesenteric vessels were ligated high at their origin. Splenic flexure of the colon was mobilized to relieve a tension. Minimum 1 cm distal margin was achieved. Straight end-toend anastomosis with double-stapling technique was constructed. Although routine pelvic drainage in colorectal surgery has not been justified in randomised controlled trials, it is routinely used in our institution after anterior resection because we believe it may act as an early detector of anastomotic leakage. Thus, a silastic pelvic drainage was placed in all of the analysed patients using a closed, gravitational no-suction method.
GCS implantation
Technique of GCS implantation has already been presented by us in details elsewhere. 5 Briefly, anastomosis was wrapped with 10 x 10 x 0.5 cm sponge containing 130 mg of gentamicin sulfate and 280 mg purified bovine tendon type I collagen which was applied deeply into pre-sacral area to the levators level. GCS was formed and pressed to the bowel wall ( Figure 1 ). Special effort was made for its adequate location and stability. 5 During the all postoperative hospital stay a close patient examination was performed several times a day in order to identify any clinical symptoms suspicious of the leakage. AL was considered to be present if any of the following features were noticed: the presence of peritonitis caused by anastomotic dehiscence, the presence of feculent substances and gas from the pelvic drain or the presence of pelvic abscess with the demonstration of leakage by transrectal examination, endoscopy, contrast enema, endorectal ultrasound or CT scanning.
Follow-up
During the postoperative follow-up physical examination (with digital rectal examination and CEA measuring) was scheduled every three months for the first two years, at 6-months intervals for the next three years, and once a year thereafter. Abdominal and pelvic imaging was performed every six months. Colonoscopy was performed after 1 year and then every three years. Any symptoms potentially related to LR were a subject of investigation with colonoscopy and CT or MRI. LR was defined as local cancer recurrence regardless of the presence or absence of distant metastases.
Statistical analysis
Data was collected in a prospective manner and then retrospectively analysed. In each case following parameters were recorded: patient age, gender, comorbidity (diabetes and cardiovascular disease), obesity (body mass index > 30 kg/m 2 ), smoking status, preoperative radiotherapy, level of anastomosis from the anal verge (cm), blood transfusion, presence of postoperative fever (> 37.5 Celsius degrees), T stage and N status. The median and range values as well as the mean values with their standard deviations were calculated when appropriate. Incidence and rates of AL and LR were calculated. Correlation between categorical variables was assessed using chi-square test with correction for continuity while between continuous variables using T-test. Multivariate analysis was performed with the use of multiple logistic regression. The statistical significance was assumed at p value < 0.05. Statistical analysis was performed by a professional statistician (PB) using R-software ver. 3.2 (free environment for statistical computing and graphics).
The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board. This research was financed through a statutory subsidy by the Minister of Science and Higher Education as a part of the research grant ST.C280.17.010 (record number in the Simple System).
Results
GCS was applied without any technical difficulties and was well tolerated. Neither sponge-related adverse reaction nor drain blockage were noticed. AL developed in 5 patients giving the AL rate of 3.2% (5/158). In all the cases it was associated with clinical symptoms: peritonitis and pelvic abscess in one patient each, and gas or feculent discharge from pelvic drain in three patients. The median time to the diagnosis of AL was 5 days (range: 3-15) following surgery. Two patients (one with peritonitis and one with abscess) underwent surgical reintervention: peritoneal lavage and defunctioning transversostomy. Three remaining patients had only minor AL without peritonitis and abscess and were effectively treated with pelvic lavage through the drain, total parenteral nutrition and antibiotic therapy. There was no leakage-related mortality. All resolution of AL was confirmed by endoscopy or contrast enema.
Univariate analysis demonstrated that patient age > 75 years and smoking were significantly related to the increased AL rate: 12.5% vs. 0.8% (p = 0.0007) and 5.7% vs. 0 (p = 0.0401), respectively. Influence of patient gender, diabetes and cardiovascular disease, obesity, preoperative radiotherapy, operating time, level of the anastomosis, blood transfusion, postoperative fever, T stage and N status on AL rate did not reach statistical significance. In multivariate analysis patient age > 75 years was identified as the most important independent risk factor for clinical AL (p = 0.0004). However, the negative impact of smoking was also significant (p = 0.043). Results are presented in Table 2 .
Twenty-three patients were lost from follow-up. In the remaining 135 patients median follow-up (mean ± SD; range) was 61 months (64.8 ± 32.5; 16-134). LR developed in 12% of patients (16/135). In 12 cases was resectable, in 5 patients with curative intent. Median interval (mean ± SD; range) to LR was 14 months (15.9 ± 6.3; 7-28). 25% of patients (4/16) with LR had AL after TME while just 0.8% in non-recurrent group (1/119). 88% of LR (14/16) developed in 24 months. LR was observed in 80% of patients with postoperative AL (4/5) while only 9% of patients without AL (12/130); the difference was highly significant (p = 0.00001). Time to LR was significantly shorter in AL group when compared with patients without leakage; median (mean ± SD; range): 8.5 (9.1 ± 2.1; 7-12) vs. 17 (18.9 ± 6.1; 10-28) months (p = 0.014).
Discussion
Due to high risk of long duration of procedure, bacteria migration, toxin translocation, possibility of contamination and the presence of malignancy, effective antibiotics in colorectal cancer surgery are needed for the prophylaxis and treatment. Gentamicin is the one of the most often used antimicrobial agents. However, recent studies clearly show that systemic administration of gentamicin results in only borderline effectiveness and does not achieve levels above minimum inhibitory concentration in serum, subcutaneous tissue, epiploic fat and bowel wall. 6 In addition, although blood transfusions are not often required in modern colorectal surgery (as observed in our series), intravenously administered fluids can strongly decrease gentamicin concentrations. Local application of gentamicin provides sufficient drug dosage that can reduce the incidence of infections, lowers the risk of antibiotic resistance by reducing the need for long-term systemic therapy and carries a low risk of toxicity. 7 Collagen seems to be one of the most favourable matrix for controlled local drug delivery because of its bio-compatibility and wellestablished safety profile. 8 Its usage as a carrier has 9 Drugs are released from a collagen matrix by a combination of diffusion and natural enzymatic breakdown of the collagen matrix, which provides rapid (diffusion) and prolonged (breakdown of the matrix) drug release. 10 Moreover, immune response against collagen implants are uncommon. 11, 12 Hence, GCS is used to improve wound healing and for prophylaxis of infections following surgery, including gastrointestinal operations. 3 Features affecting AL rates in our series are not surprising. Older age is mentioned among the most frequent factors. 1 Negative impact of smoking is also well documented. It increases a risk of AL mainly by affecting small vessels and causing tissue hypoxia, which compromises the healing of anastomosis. 2 The other factors, including preoperative radiotherapy and anastomosis level did not reach statistical significance in our series. The use of covering stoma remains controversial and more individual approach is needed. However, our findings suggest that it still can be worth considering in well-selected high-risk cases, such as older and smoking patients.
Interestingly, the incidence of AL among the patients in our group seems to be relatively low when compared to the 10 -13.7% incidence reported by others. [14] [15] [16] [17] [18] Only few papers concerning the use of GCS in colorectal surgery have been published as yet. In the recent multi-centre randomized trial enrolling 602 patients, Bennett-Guerrero and coworkers from a SWIPE 2 trial group found GCS not effective at preventing surgical-site infection, either superficial or deep: 20.3% vs. 13.6% (p = 0.03) and 8.3% vs. 6.0% (p = 0.26), respectively. 19 On the other hand, there is a growing body of data, including findings from randomized studies that support the use of GCS following high-risk colorectal procedures in order to reduce post-operative morbidity rate, wound healing time and length of hospital stay. Rutten and Nijhuis observed that the application of systemic antibiotics plus GCS vs. systemic antibiotics alone significantly decreased the incidence of abdominal wound infections (5.6% vs. 18.4%; p = 0.01) as well as the median hospital stay (13.8 vs. 16.3 days; p = 0.015). 20 Nowacki et al. reported a lower post-operative complications rate at 30 days (20.7% vs. 37.5%; p < 0.05). Sub-group analysis also revealed that the difference was maintained in high-risk patients, i.e. those with surgery exceeded 3 hours and those who experienced intraoperative bowel perforation: 19.2% vs. 40.8% (p = 0.03) and 20.0% vs. 57.9% (p = 0.01), respectively. 21 Multicenter trial by Gruessner and colleagues demonstrated significantly decreased rate of perineal wound infections and secondary complications with infection after abdomino-perineal excision if GCS was used: 6.1% vs. 20.8% and 6% vs. 21%, respectively. In addition, patients with GCS had a much greater reduction in the number of pathogens in the post-operatively obtained wound secretion samples (p = 0.013). 22 De Bruin et al.. studied the effect of GCS on postoperative outcome in patients undergoing abdomino-perineal excision following short-term neoadjuvant radiotherapy (5 Gy x 5 days to a total dose 25 Gy). They demonstrated lower rates of total and deep wound infection rates as well as higher rates of primary wound healing when GCS was applied: 16% vs. 57% (p = 0.01), 5% vs. 29% (p = 0.05), and 84% vs. 43% (p = 0.01), respectively. The patients with GCS also had significantly shorter mean hospital stay, i.e. 15 vs. 25 days. 23 Discrepancies in AL rates among the series of patients following anterior resection with TME and GCS implantation may be caused by many reasons. Firstly, a distribution of AL risk factors could substantially differ. Secondly, the site of GCS implantation is not standardized: wound, upon the closed fascia or pelvic cavity, around the anastomosis (as in the present study). 19, 20, 21 The other possible reason may be the different definition of clinical AL. 24 However, still little is known about the impact of GCS on anastomosis healing. Although some studies suggest positive effect of local gentamicin on collagen content and metabolism, there are conflicting data regarding this subject. Quicker mucosal, muscular and extra-cellular matrix repair was noticed in experimental study by Mutter and colleagues. 25 Binnebosel et al. reported that intra-abdominal application of gentamicin can enhance the healing of anastomosis and increase the collagen type I/III in rats. 26 On the other hand, Vaneerdeweg et al. did not observe any significant influence of GCS on symptomatic AL rate in animal models. 27 This topic warrants further investigation.
A meta-analysis of the recent studies demonstrates that the cumulative risk of local recurrence following curative R0 anterior resection with TME varies from 1% to 13.5%. The risk mainly depends on the tumour stage, histological differentiation, nodal status, and the circumferential resection margin. 28 We observed much higher incidence of LR in AL group. However, number of patients with AL was too small to obtain a robust statistics and draw a significant conclusion. Possible association between AL and colorectal cancer recurrence is a subject of intensive research. Sammour et al. did not notice a significant difference in LR as well as 5-year overall and cancer-specific survival with regard to AL after rectal cancer resection. 29 In contrast, a negative impact of AL on LR and overall survival was reported by others. 30 Mirnezami et al. reviewed 21 studies (21,902 patients) and found that LR as well as cancer specific mortality was significantly higher after AL. 31 Similar findings were reported by Lu et al. 32 In the meta-analysis of 14 studies (11,353 patients) made by Wang and colleagues AL was significantly related to increased LR rates and decreased both overall and cancerspecific survival. 33 Postulated mechanism of LR after AL is associated with the fact that leakage may lead to the penetration and implantation of extraluminal tissue by previously exfoliated rectal cancer cells which still may be present in the lumen of the bowel despite routine rectal wash out. In addition, AL causes pelvic infection, which may enhance proliferation, migration and invasion capacities of cancer cells. 33 Our study has some important limitations. Firstly, a severe weakness of this paper is an incomplete investigation of oncological outcomes. Only local recurrence analysis was completed. Survival analysis was not performed and, as a consequence, neither 5-year overall survival nor disease-free survival rates were demonstrated. Secondly, due to low AL rate some findings are based on the comparison of small groups. Even if the results are significant, their statistical power is low and conclusive statement cannot be drawn. Thirdly, this is just an observational study and a single-institution case series. Consequently, one cannot be certain that our results will be repeatable in another setting. Moreover, during the study period, GCS wrapping of an anastomosis in patients that have undergone restoration of bowel continuity after ultra-low rectal cancer resection was considered standard management and in accordance with the department policy. Therefore, it is not possible to compare these results to a control group operated on in the same time period without the use of GCS. We previously observed an anastomosis failure in 10.6%-12.6% of patients after sphincter-preserving TME. 3, 4 Present results look favourable when compared to this historical cohort operated on by the same surgical team at the same institution. However, comparisons to historical series have no statistical power and no significant conclusion can be drawn. Ultimately, we will never be certain if these superior results are a consequence of the usage of GCS or whether they can be attributed to the impact of surgical technique or patient selection.
Our findings suggest that low rate of symptomatic AL might be at least partially influenced by GCS application following TME. GCS can reduce tissue exudation and fluids accumulation at the pelvis cavity and has a local anti-bacterial and haemostatic activity. Hence, it is possible that GCS can secure the anastomosis area. On the other hand, potential benefit from GCS may also be associated with the ability to diminish dehiscence range and its severe consequences, limit pelvic abscess formation, peritonitis and septicemia without the impact on sub-clinical failure. That may be the possible reason of favourable clinical course of the leakage occurred in analysed group.
Based on our previous studies and recent findings the wrapping of an anastomosis with GCS remains the standard management after low anterior rectal cancer resection in our institution. Keeping the risk of AL at the lowest possible level improves local cancer control and the patient's quality of life. [31] [32] [33] However, there are still some interesting points waiting to be explored. Nowacki et al. observed in a randomised trial a significantly reduced rate of distant metastases in patients with GCS after TME with preoperative radiotherapy compared to a control group without GCS. 21 These surprising findings were also demonstrated in a confirmatory study from the same institution with the median follow-up of 80 months. 36 These results are difficult to explain, in particular, the fact that there were no significant differences in overall and disease-free survival rates. Apart from the assessment of oncological outcomes, a detailed cost-effectiveness analysis as well as a long-term evaluation of conceivable late side effects (anastomosis stricture, persistent anterior resection syndrome) are other interesting topics worth to be explored in the future. [37] [38] [39] [40] 
